Abstract
Introduction

16
Lignin is one of the most abundant and recalcitrant natural polymers, consisting of 17 various nonphenolic phenylpropanoid units complexed into a three-dimensional 18 network. Therefore, lignin degradation is a key step for carbon recycling in forest 19 ecosystems, and the process is a central issue in lignocellulose-based industries (e.g., in 20 paper pulp manufacture and production of bioethanol and other renewable chemicals). 1) 
21
In nature, white-rot fungi (members of the basidiomycete group) are able to degrade . The biodegradation process is initiated via a been extensively investigated because of its biotechnological interest. Genomic DNA was isolated from P. chrysosporium ME-446 mycelium using were obtained from the DOE Joint Genome Institute and used to design PCR primers.
70
The full-length glx (1907 bp) gene was amplified using the primer pair PcGLOX
71
F1-PcGLOX R1. The procedure for constructing the glx expression plasmid,
72
pBUNA2pro-GLOX, is described in Fig. 1 . The plasmid pBUNA2pro, which was 73 generated in our previous study, 16) was used for the construction of the glx expression pBUNA2pro-GLOX was sequenced to verify the absence of PCR errors.
80
UV-64 protoplasts were prepared by a standard technique using cellullases and 81 then co-transformed with pPsURA5 and pBUNA2pro-GLOX using the PEG method.
18)
82
The co-transformed clones (G strains) were screened by PCR, as described 83 previously, 19) with the following modifications: primers PcGLOX F2 and PsGPD R1 84 were designed to amplify the glx gene fused with the bee2 promoter. wood meal were determined, as previously described.
12) The selection factor (SF), (Fig. 2a) . The mean MnP activity in 166 the culture medium inoculated with G strains was 8.51 nkat/flask, whereas that in the 167 culture media of U strains was 7.78 nkat/flask (Fig. 2b) . These results indicate that G 168 strains showed higher GLOX activities than U strains, although MnP activities of G 169 strains did not apparently differ from those of U strains.
170
The effect of recombinant glx expression on the ligninolytic properties of G strains 171 was investigated. G strains showed 1.08-fold higher ligninolytic activity (Fig. 3a) and 172 1.18-fold higher SF values than U strains (Fig. 3b) . In particular, strain G-22 showed 
185
To confirm whether the improvement of the ligninolytic properties resulted from 186 an increase in GLOX production, GLOX and MnP activities produced in beech wood 187 meals inoculated with G-22 and wild type (WT) were determined. The MnP activity of 188 G-22 was similar to that of WT, and no drastic fluctuations were observed (Fig. 4b) . In 189 contrast, higher GLOX activities were detected at 10 and 15 days in G-22, although 190 similar GLOX activities for each strain were detected at 5 days (Fig. 4a) . These results
191
indicate that the improvement of the ligninolytic properties correlates with the higher 192 production of GLOX. (Fig. 5a) . GLOX activity in G-22 was higher than that in WT during the incubation.
200
The highest GLOX activity in G-22 was observed at 8 days, when activity was 7.2-fold 201 higher than that in WT. 
